basis of the Debye theory of heat conduction.1 Debye's theory is that heat is conducted by elastic waves, which are dissipated by atomic irregularities. A quantity analogous to the mean five path may he defined in terms of the rate of dissipation, so that the higher the rate of dissipation the shorter the equivalent free path, and the less the conductivity. Debye has applied this theory to insulators, like rock salt, and has been able to account for the experimental fact that the conductivity varies inversely as the absolute temperature. Borelius has taken over this theory for metallic conduction, by means of the assumption that the amount of energy dissipated at: each atom as the elastic wave passes over it is equal to the ratio of the thermal energy of the atom to that of the electron. This gives a thermal conductivity of the ri^ht order of magnitude. In combination with his theory ot electric conduction he gets a Wiedemann-Franz ratio of approximately the right magnitude, and with the right dependence on temperature. But he has neglected the dissipation of the elastic waves due to the atoms. If 1 )ebye's analysis is correct, this should be present: in the metal as well as in an insulator, and is very much larger than the dissipation supposed by Borelius, Hence, taking account of the neglected atomic* dissipation, the thermal conductivity of a metal would turn out to be actually less than that of an insulator, for there is dissipation not only by the atoms hut also by the electrons.
Compared with the classical conception of conduction as performed by a swarm of electrons playing in the free spaces between the atoms, the view at yhich we have arrived of conduction as performed by electrons passing freely through the substance of the atoms places us in a much more advantageous position, for it allows the possibility of very long free paths (in fact at absolute zero there is no resistance to the motion and the paths may be indefinitely long), and hence enables us to get along with many fewer electrons. In this way the specific heat difficulty may be avoided. But in order to account for the facts of thermal conduction, it seems necessary to take over the classical idea that the electrons are moving with the energy of gas particles at: the same temperature.
The theory developed here proceeds on the following assumptions, We take over the classical expression (I) for resistance in terms of n, I, and v. We suppose that v is the same as that given by the classical equi-partition theory, and we suppose / large enough to avoid the specific heat difficulty by allowing a small value of n. We try to deduce from our fundamental expression the variation of resistance with temperature
i P. Debye, Wolfskehlstiftung VortrSge, B. G. Teubner, 1914, 17-60.